Background--There is a paucity of contemporary data estimating the incidence of major adverse cardiovascular events (MACE) in patients with established atherosclerotic disease or multiple risk factors managed in routine practice. We estimated 1-and 4-year incidences of MACE and the association between MACE and vascular beds affected in these patients.
C ardiovascular disease is one of the leading causes of mortality in the United States. 1 Patients with atherosclerosis are at an elevated risk of major adverse cardiovascular events (MACE). Understanding the incidence rates and comparative risk of MACE based on atherosclerotic disease characteristics may greatly aid efforts to better treat such patients. 2 The REACH (Reduction of Atherothrombosis for Continued Health) registry provided much--needed insight into clinical event rates of patients at risk of, or with, established atherosclerotic disease. Results from the 1-and 4-year REACH analyses demonstrated that MACE incidence increased over time, with the proportion experiencing MACE surpassing 14% at 4 years of follow-up. 2, 3 Several predictors of future atherosclerotic events were also identified in REACH, including polyvascular disease. 3 However, the REACH cohort was enrolled between 2003 and 2004 and followed patients up to 2008. Advances in treatment and prevention of atherosclerotic diseases and changes to evidence-based guidelines over the past decade have had a positive impact on MACE risk. 4 Furthermore, there was likely an important degree of selection bias in the enrollment of REACH patients resulting in a final study cohort not fully representative of the types of atherosclerotic disease seen in daily practice. 3 This study aimed to provide benchmark estimates for the incidence of MACE in US patients at risk of, or with, established atherosclerotic disease in contemporary routine practice. We also sought to assess the association between the number and type of vascular beds affected and MACE risk.
Methods
Data used in this study were obtained from IBM MarketScan under a license to Bayer AG (and provided to the researchers under a third-party agreement) and cannot be shared.
We performed a retrospective claims database analysis using US IBM MarketScan data from January 1, 2013 through December 31, 2017. IBM MarketScan combines 2 separate databases, a commercial and a Medicare supplemental database, to cover all age groups, and contains claims from 260 contributing employers, 40 health plans, and government and public organizations representing %240 million lives. 5 IBM MarketScan captures enrollment records, demographics, International Classification of Diseases, Tenth Revision (ICD-10) diagnosis codes (and cross-walked ICD-9 codes), procedure codes, admission and discharge dates, outpatient medical services data, and prescription dispensing records. All MarketScan data are de-identified and are compliant with the Health Insurance Portability and Accountability Act of 1996. This study was determined by our institutional review board to not constitute research involving human subjects according to 45 Code of Federal Regulations 46.102(f) and was deemed exempt from board oversight.
We identified eligible patients according to similar criteria used in the REACH registry by examining claims data in calendar year 2013 (January 1, 2013 through December 31, 2013). All patients ≥45 years of age with established coronary artery disease (CAD) (ie, diagnosis codes suggesting a history of stable 6 or unstable angina, 7 percutaneous coronary intervention, 8, 9 coronary artery bypass grafting, 8, 10 or myocardial infarction 10 ), cerebrovascular disease (CVD) (ie, diagnosis codes suggesting a history of ischemic stroke or transient ischemic attack 11 ) or peripheral artery disease (PAD) (ie, diagnosis codes suggesting a history of peripheral arterial disease 9, 12 or a prior intervention including angioplasty, stenting, atherectomy, peripheral arterial bypass grafting or amputations 9,10 ) or with 3 or more risk factors for atherosclerosis (ie, diagnosis codes suggesting a history of diabetes mellitus, 13 diabetic nephropathy, 9, 13 carotid stenosis, 14 hypertension, 13 hypercholesterolemia, 13 smoking, 14 or age ≥65 years for men or ≥70 years for women) were included (Table S1 ).
Our primary outcome measure was the incidence of MACE (composite of cardiovascular death, myocardial infarction, or ischemic stroke). Secondary outcomes include the incidence of individual MACE components. Myocardial infarction and ischemic stroke were defined as the occurrence of a hospitalization with the appropriate billing codes in the primary position. Cardiovascular death was defined as death occurring in the hospital within 14 days of a myocardial infarction, ischemic stroke, heart failure, 13 acute coronary syndrome, 7 coronary artery bypass grafting, or percutaneous coronary intervention. Baseline data included demographics, vascular disease status, atherothrombotic risk factors, and medications. Patient selection and identification of baseline characteristics were based on the presence of ICD-10 (or cross-walked ICD-9) billing codes from medical and/or prescription claims. Starting on January 1, 2014, patients who met eligibility criteria during calendar year 2013 were followed for 1 and 4 years (patients with at least 9 months of follow-up were included in the 1-year analysis and with at least 3 years and 9 months of follow-up were included in the 4-year analysis) or until MACE occurrence.
Baseline characteristics were analyzed using descriptive statistics. Categorical data were reported as percentages and continuous data as medians with accompanying 25%, 75% ranges. Outcomes were reported as cumulative incidences (proportion of patients experiencing an event) and incidence rates (events/100 person-years [PYs]). A multivariable Cox proportional hazards regression model adjusted for age and sex were utilized to evaluate the association between the number and different vascular bed locations and MACE rates
Clinical Perspective
What Is New?
• Incidences of major adverse cardiovascular events at 1 and 4 years were provided for a contemporary at-risk population. • Major adverse cardiovascular events incidence increased considerably over time and when multiple vascular beds were involved.
What Are the Clinical Implications?
• These findings may serve as a benchmark for both clinicians and other health professionals when making statements about major adverse cardiovascular events rates in a contemporary population, and when designing future clinical studies. • There is a need for continued improvement in the prevention and treatment of patients with or at risk of atherosclerosis.
(model #1). The proportional hazards assumption was tested based on Schoenfeld residuals and was found to be valid for all outcomes. An additional multivariable regression analysis in which we adjusted for age, sex as well as additional risk factors and medications was also performed (model #2). Associations were reported as adjusted hazard ratios with 95% CIs. We performed a sensitivity analysis in which we evaluated an alternative MACE end point that added hospitalization for vascular events or procedures (ie, heart failure, coronary artery bypass graft, percutaneous coronary intervention, acute coronary syndrome, and major adverse limb events). All data management and statistical analysis were performed using IBM SPSS Statistics version 25.0 (IBM Corp., Armonk, NY) and SAS 9.4 (SAS Institute Inc, Cary, NC).
Results

Baseline Characteristics
We identified 1 302 856 patients with established atherosclerotic disease or ≥3 risk factors, of whom 1 220 144 (94%) were eligible for inclusion in the 1-year analysis and 625 951 (48%) were eligible for the 4-year analysis ( Figure 1 ). Eligible patients had a median (25%, 75% range) age of 69 years (59, 77) and 46.6% were women ( Figure 2 ). MACE events were mainly driven by hospitalization for myocardial infarction (0.8%, 0.77 events/100 PYs), followed by ischemic stroke (0.6%, 0.64 events/100 PYs), and cardiovascular death (0.2%, 0.16 events/100 PYs). Among patients with established disease, MACE incidences were highest in patients with CVD (3.0%), followed by CAD (2.1%) and PAD (2.0%) involvement. Upon sensitivity analysis our alternative MACE end point found higher rates of MACE because of a 2.9% (2.99 events/100 PYs) incidence of hospitalization for additional vascular events or procedures ( Figure 3 ). Cumulative incidence curves for each subgroup by vascular bed are shown in Figure 4 . Multivariable Cox regression analyses adjusted for age and sex (model #1) suggested that compared with patients with risk factors only, established atherosclerotic disease in a single vascular bed was associated with a 68% increased risk of MACE (ranging from 38% for PAD to 121% for CVD) ( Figure 5 , Table 2 ). Results of multivariable regression adjusting for age, sex, and additional risk factors and medications (model #2) provided results similar to model #1. Involvement of 2 vascular beds was associated with an increased MACE risk of 186% (ranging from 152% for PAD+CAD to 256% for CAD+CVD). The presence of disease in all 3 vascular beds was associated with a 338% increased risk of MACE risk versus having ≥3 risk factors only. The types of MACE experienced in the CAD, CVD, PAD, and multiple risk factor cohorts are shown in Table 3 . consistent with model #1. Involvement of 2 vascular beds was associated with a 135% increase in risk (ranging from 120% for PAD+CAD to 168% for CAD+CVD). When 3 vascular beds were involved, MACE risk was increased by 230%. Rates for the overall and each MACE outcome separately are listed in Table 4 . 
4-Year Outcomes
Discussion
In this large, contemporary real-world study of patients with established atherosclerosis or at high risk for atherosclerotic complications, the proportion of patients experiencing MACE increased by nearly 5-fold from year 1 to 4 of follow-up. Sensitivity analysis in which hospitalizations for additional vascular events and procedures were included in the definition of MACE showed an even higher incidence of events that were driven largely by rehospitalizations. The development of MACE appeared to vary depending on the number and location of vascular bed(s) affected. Atherosclerotic disease in a single vascular bed increased risk for MACE by up to 68%, whereas disease in 3 beds was associated with an %4-fold increase in MACE. Patients with any CVD involvement experienced the highest rates of MACE followed by patients with any CAD then any PAD, regardless of the number of vascular beds affected. Our findings may serve as a benchmark for both clinicians and other health professionals when making statements about MACE rates in a contemporary population, and when designing future clinical trials. Although our inclusion criteria were similar to that of REACH and most of our findings were consistent with those observed in the prospective studies, there are key differences in findings worth mentioning. After 4 years of follow-up, MACE risk in patients with established disease increased both in REACH and our study by a substantial degree (3.4-fold in REACH and 4.3-fold in our study). Absolute incidences for MACE were, however, different. At 1 year, 4.2% of patients in REACH experienced MACE versus only 1.4% in our evaluation. Similarly, the absolute risk of MACE varied when focusing solely on patients with established atherosclerotic disease (15.8% in REACH versus 9.1% in our study at 4 years). 2, 3 These inconsistencies in absolute MACE risk evaluations are likely a consequence of important differences in patients' relative involvement of various vascular beds. Selection of patients in the REACH registry may not have resulted in a cohort that is entirely representative of those with established or at high risk for atherosclerotic disease. In particular, this selection bias in REACH appears to have resulted in patients with established PAD or risk factors only being substantially under-represented. The 2019 heart disease statistics report from the American Heart Association 15 suggest that in contrast to the relative prevalence of established CAD, there should be about one third as many patients with CVD and nearly twice as many with PAD. In REACH, the ratio of CAD to PAD patients was only 1 to 0.22, while the ratio in our study (1-0.80) was closer to that reported by the American Heart Association. The investigators of REACH have acknowledged the limited external validity of their findings resulting from their non-population-based registry. 3 Moreover, REACH patients with established PAD had a high MACE risk in comparison to patients with disease in other vascular beds. Findings from the 1-year analysis of REACH concluded that PAD patients suffered from the highest MACE and cardiovascular death rates, 3 whereas we found PAD patients had the lowest rates of MACE and second lowest rates of cardiovascular death among patients with atherosclerotic disease at both 1 and 4 years. Prior research 16 suggests that fewer than 50% of patients with PAD are aware of the condition, while physicians are unaware of the presence of PAD in 70% of those with the condition. Classic claudication symptoms are found in only a minority of patients (11%), 17 and the US Preventive Services Task Force has stated there is insufficient evidence to support the use of the ankle-brachial index in screening for PAD among asymptomatic individuals (likely impeding the diagnosis of patients with less severe disease). 18 It is therefore possible that the patients with established PAD who were selected for enrollment into the REACH registry had more severe disease (presence of acute limb ischemia/Fontaine class 3 or higher) compared with PAD patients included in our analysis. Such differences in patient selection/inclusion could certainly explain some of the difference in MACE rates observed between the 2 studies.
Advances in the prevention and treatment of atherosclerotic disease have contributed substantially to reductions in the incidence of MACE. 4 Since the REACH registry completed its patient follow-up in 2008, notable changes have been made to standards of care for the management of atherosclerotic disease patients. These included several updates to American College of Cardiology/American Heart Association guidelines, which have recommended more intensive blood pressure control, increased use of high-intensity statins, and an increased scope and duration of treatment with dual antiplatelet therapy. [19] [20] [21] As a result, over the past decade, age-adjusted death rates for cardiovascular disease patients dropped by 22.1% in the United States, 15 with data suggesting that %47% of the decline in cardiovascular death was because of evidence-based medical and surgical treatments, including secondary preventive therapies after myocardial infarction or revascularization (11%), initial treatments for acute myocardial infarction or unstable angina (10%), treatments for heart failure (9%), revascularization for chronic angina (5%), and other therapies (12%). Another 44% of the decline in cardiovascular death was attributed to greater reductions in key risk factors, such as total cholesterol (24%), systolic blood pressure (20%), smoking prevalence (12%), and physical inactivity (5%). 4, 22 As our study cohort consisted of patients identified during calendar year 2013 and treated/followed through 2017, it provides data on patients with established or at high risk for atherosclerotic disease managed under these new standards of care. Our study suggests that patients with established or at high risk for atherosclerotic disease still have a substantial residual risk for MACE when treated in routine practice (and that patients with polyvascular disease have the highest residual risk) even when being treated in the era of updated guidelines that call for more aggressive medical management. This study therefore emphasizes the need for continued improvement in the prevention and treatment of patients with or at risk of atherosclerosis. Importantly, while our study can assess the proportion of patients using preventative strategies such as medications (statins, antihypertensives, antidiabetic agents), we could not assess whether the intensity of treatment prescribed was optimal.
Our study has limitations worth discussing. First, misclassification bias must always be considered in claims database analyses and, when present, can detrimentally impact a study's internal validity. 23 Second, clinical adjudication of events was not possible within our claims database analysis. Of note, the REACH registry, while performed prospectively, also did not independently adjudicate outcomes. Third, our MarketScan claims data only allowed the capture of inhospital death outcomes and, therefore, absolute cardiovascular death rates in our study may be underestimated (though relative rates across atherosclerotic disease types are likely accurate). Fourth, because of the methods used to select our established atherosclerotic disease and risk-factors-only cohorts, some degree of selection bias was likely present in our study. As an example, to be included in the risk-factoronly cohort, patients had to have ≥3 risk factors for atherosclerotic disease including diabetes mellitus, diabetic nephropathy, hypercholesterolemia with treatment, hypertension with treatment, carotid stenosis, smoking, or advanced age (males ≥65 or females ≥70). The requirement for hypercholesterolemia to be "treated" for the risk-factor-only cohort, while patients with established disease could have untreated or no history of hypercholesterolemia likely explains why the risk-factor-only patients had the highest utilization of statins (88.4% versus 66.4% for established disease patients). Of note, a similar finding of higher statin use in the risk-factoronly cohort compared with many established disease groups was also seen in the REACH registry. 24 Next, we used US commercial and Medicare supplemental plan claims data. As a consequence, our results are most generalizable to an insured US population with established or at high risk for atherosclerotic disease. 5 Finally, while we highlight some similarities and contrasts between our findings and that of the REACH registry, because of differences in methodology and types of patients included, direct comparison of results is not recommended.
Conclusions
This large, contemporary study identified a substantial risk for MACE in patients with established atherosclerotic disease or with multiple risk factors treated in routine clinical practice. We also showed that the number and specific location of vascular bed involvement were associated with MACE risk. Our findings may serve as a benchmark for both clinicians and other health professionals when making statements about MACE rates in a contemporary population, and when designing future clinical trials. Moreover, they emphasize the need for continued improvement in the prevention and treatment of patients with or at risk of atherosclerosis.
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